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CANTALOUP BREEDING:

Correlations Among Fruit Characters

Under Mass Selection

By G. W. Boux, geneéicist, und C. ¥. Axvrus, horticalturist, Crops Reseorch
Diwvigion, dgriveltural Reseerch Service

INTRODUCTION

The objective of most practical breeding programs in seed-propa-
ated annual crops, excluding F, hybrids, is « variety that 1s true

Ereeding (iniform) by natural reproduction methods and has a high
level of excellence in each character. Ynsofur as fhe characters are
genetically controlled, such improvement can be accomplished by in-
areuses in the frequencies ot genes that atfect the ~everal characters and
by changes in linkuges nmonyg these genes.

This bulletin is the second of o series of publications initiated in
1960 to discuss new breecding, testing, und selection methods for
cantaloups. Such methods will (1) yield greater improvement per unit
of invested effort und thme: (2) unprove several economic churacters
simwultaneously; and {3) increase stability in muskmelous and other
partly crossbred erops. We studied simple correlations between 16 fruit
characters and partial correlations between 10 characters in 18 related
muskmelon populations, Andras and Bobn (7)* concluded that eight
generations of mass selection by index increased the frequencies of
favorable genes for most of the index-component fruit characters in
cantaloup, Cucumis melo 1. The effects of selection on correlations
among the index-component charncters are discussed in this bulletin,

REVIEW OF LITERATURE

Chace, Church, and Denny {2) reported that ripeness and quality
in cantaloup cv. Polliock No. 25 were only purtly correlated with rind
color, color (line) of stem base, color ot ground spot, and “water line™
on nefting. None of those characters served satisfactorily as a guide
to pre-slip harvest. Rosa (76) noted that in muskmelon fruits low den-
sity was associated with oblate shape and high density, with oblong
shape. Seott (77) confirmed Rosa's observations, but he believed that
correlation values befween shape and densify were too wealk to justify
the use of one churacter as an index of the other, He fonnd weight to
be correlated with densify or with shape in oceasional breedingﬁines;

*Italic aumbers in parentheses refer to Liternture Cited, p 20.
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but he concluded, from the low 7 values, that any desired weight, shape,
and density of fruit could be combined in a single breeding line.

In 1967, Wall (27) correlated inheritance of fruit shape with sex
type in both Cucwmis melo and (. satirus L. He concluded that a major
gene, 0, for oval fruit, was linked in coupling phase with a major gens,
4, for monoecious sex expression in . melo.

Hoffman (8§) reported correlution coefficients between weight, den-
siby, cavity factor, density of sliced fruit, and refractive index to vary
within 15 muskmelon cultivars. He found highly significant correla-
fions, within most, varieties, among several fruif density components
and fruit weight, but only rarely did he find significant correlations
between these characters and soluble solids. Wagner, Hoffmar, and
Brown (20) reporied high correlations botween refractive index and
vitamin Cin each of 16 cultivars.

Currence and Larson (3, 4) reported that flavor;, determined by &

anel of tasters, was highly correlated with refractive index of the
Juice and with fruit weight. They reported a multiple correlation
coefficient of flavor with weight and soluble solids among muskmelons
to be 0.909:-0.842. They noted great variability in accuracy of tasters,
nud they remarked that o single refractometer reading was as sccurate
as the mean of six to eight taste observations. The multiple regression
coefficiont was equal to 12 such observations.

Jacob and White-Stevens {9) reported high correlutions of flavor
with total sugars, dispersed solids, and their components in fruits
from plants treated with various ferfilizers. All these characters re-
sponded similarly to environmental effects induced by magnestum and
potassium applications, Takagi (79) found that netting, rind hardness,
flesh thickness, and sugar content were all affected by artificial leaf
pruning. Rahn and Heuberger (75) found a high correlation between
soluble solids in the fruit flesh and degree of downy mildew control
with fungicides. Nylund (13) correlated fruit earliness, weight, soluble
solids content, and degree of netting with defoliation by pruning and
with varying nitrogen supply. From partial correlations, he con-
eluded : “Early-maturing fruits tended to be heavier than Iate fruits;
and these heavier fruits tended to be snore deeply netted and to have
higher soluble solids than did light fruits.” Nylund observed that en-
vironmen! manipulations “that affected fruit weight also tended to
affect time of maturity, netting, and percent soluble solids.”

Ogle and Christopher (74) reported good correlation between firm-
ness determined by Chatilion needle-pressure tester and keeping quality
in storage with different harvest and postharvest environmentsl treat-
ments (stage of maturity at harvest, storage temperature, and storage
duration}. They reported, also, an apparent genetic correlation with
varleby.

Davis, Baker, and Xasmire (§) attributed within-location hetero-
geneity 1n several uncorrelated characters to genetic heterogeneity in
cv. PMR 45, They attributed significant between-location correlations
to environmental rather than genetic caases. Factor analyses indicated
that environmental factors that affected net toughness, net height, and
groundspot size were different from those that affected other charac-
ters; other charncters were closely interrelated. The high environ-
mental correlations they observed agree with results obteined by Jacob
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1nd White-Stevens {9) and others. For exemple, Lingle and Wight
10) observed that nitrogen deficiency reduced fruit size, net distribu-
tion, and soluble solids in the cv. PME 45.

Subsequently, Davis aud coworkers (7) reported that fruit diameter
ond flesh thicl};neas were correlited with seed nuruber per melon in
some fields but net in others, They were correlated, also, across fields.
However, flesh proportion (flesh depth index in Andrus and Bohn's
(1) terminology) was not correlated with seed number. Davis, Davis,
and Msinert (%’3’ reported both genstic and environmental correlations
gmong leaf shape, flesh proportion, and fruit shape in the ev. PMR 45
and & verticillium-resistant line selected from it.

Andrus and Bohn {7) used regression of character m.eans on genera-
tions together with direct compnrisons of means, in successive mass-
selected generations to demonstrate genetic improvement by index
selection. The results from all sources confirmed their observation that
muskmelon cultivars, especially netted ones, are extremely varizble
(unstable} in several fruit characters. Most reports indicate that some
muskmelon fruit characters respond similarly to environment changes
and exhibit correlated environmental responses but that other char-
acters respond independently to major and minor environment changes
and appear uncorrelated both within and between plantings.

In brief, the literature indicates that high environmental correla-
tions occur among certain fruit characters m cantsloups but are lack-
ing in others. Scant evidence on putative genetic correlations suggests
that they can be improved by breeding.

MATERJIALS AND METHODS

A detailed account of pedigree, selection method, and testing proce-
dure was given in an earlier paper (7). It is sufficient to note here that
the populations included nine successive mass generations and nine
derived inbred populations—thres from early muass-increased gener-
ations, three frorn M4, and three from MT7. We grew the 18 popula-
tions in three 100-hill replications at each of two locations: Charleston,
S.C., during the spring of 1964 and Brawley, Calif., during the fall of
1964. We harvested o single fruit from each hill to obtsin random sam-
ples of each test population. The Brawley planting, in & low-stress
environment that supported healthy plant growth, yielded nearly com-
plete 300-fruit samples for each test population, Data from it received
primary consideration and analysis. The Charleston planting, in a
high-stress environment that produced many diseased plants, yielded
smaller samples. Date from it sapported the findings at Brawley.

Intergeneration correlation coefficients among the index-component
characters (and between them and generations) were calculated for
the nine mass-selected populations grown st each location. Correla-
tion coefficients were caloulated, also, for the character pairs within
each population grown in the low-stress environment at Brawley.
Partial correlations were calenlated for some character combinations
within certain mass-selected and inbred populstions.

The breeding objective was to obtain fruits with velues greater than
those of the M1 base population for most characters. Such characters
and those with desired means intermediate in the whole range of
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character expression were described as “positive.” In coatrast, selec-
tion pressure was exerted toward fruits with smaller stem SCars,
smaller blossom scars, and smuller seed cavities. We termed those
characters “negative.”’ The plus and minus signs obtained from cal-
culations were adjusted, where necessary, in all tables to indicate
favorable correlations and unfavorable ones.? Thus, the tendency of
large fruits (positive) to have large seed cavities {negative) was mdi-
cated by 7= — (.58 infable 1; but the tendency of fruits with small stem
scars (negative) to have small cavities (negative) was indicated by
#={L.25.

RESULTS AND DISCUSSION

Correlation With Generaiion

Regr.ssion on generation numbe—of measured characters, calouinted
Trom original data, wus given in an earlier paper {7, fig. 8). Compari-
sons therein are confounded by differences among means and vari-
ances. Regression on generation number of 16 characters, caleulnted
from standard variables (78), is shown heve in figure 1, The charneter
relations are discussed herein in terms of the correlation coefficient
{eovariance of standard variables) free from differences in meuns and
varianees.

Coefficients of correlation of population meuns for fruit charncters
with generation number in the nina mass-selected generations indi-
cated that blossom sear size, net thread size, crack resistance, relative
flesly depth. stem sear size, number of acceptable characters, and total
score were very responsive (1-percent level of significance) to mass
selection by index (Hg. 1 and table 1, line 1), Weight, flosh color, and
external appearance were responsive (-percent level of significance).
Fruit size, shape, flesh firmness, freedom trom bare sufures (vein
traels), and net thread cover were questionably responsive. Soluble
solids and cavity dryness were not responsive. The results indicate
that certwin characters, especially soluble solids and cavity cdryness
i this experiment, require greater emphasis in index selection.

Correlation Between Generation Means

Wost of the coefficients of correlation betwson gencration means
among the selection-responsive fruit charucters were similar to their
coefficients with generation number {table 1, above the dirgonal).
This suggests thut improved relations among the characters parnleled
rhelr separate improvement from generation to generation,

Certain characters failed to follow that trend. Relutive fesh depth,
welght, and size means yielded exceptionally high coeflicients with
one another and exceptionally low coeflicients with several other char-
acters. The cevrelations of flesh depth with size und weight are nof

*Unfrvorable correlations ave indicated by minus signs (=) in the {ables angd
favorable correlations by plus signs {4 ) in table 2 ana by ubsence of any sign
in other talyles,




TasLE | —Phenotypic correlation coefficients of population means Jor fruit characters in mass-selected populations I to 9,
above the diagonal; and inbred populations 10 to 18, below the diagonal, Brawley, Calif., 1964 '

|

Character

appearande ?
characters

size ?

size
Cavity dryness 2

Generation
Blossom sear
Net thread
Crack resistance 2
Flesh depth
Stem scar size
Flesh color 2
External
Size (crate)
Flesh firmness ?
Sutureless 2
Net thread
cover
Soluble solids
Acceptable
Total score

Generations
Blossom scar size
Net thread size
Crack resistance
Flesh depth
Stem sear size

Flesh color

External appearance.. ..
Size (crate)
Shape__..____.__.. e
Flesh firmness

Sutureless A . . . . . . .
Net thread cover . . . . . L0} . 62
Soluble solids . . . . . V13| .67
Cavity dryness . . . . . 21 ...} .45
Acceptable characters_ .. . . .84 . TS . .48{._...| .58
Total score . . .81} . . 44 l L2974

HNIqEIYLE  JOOTVINVO

! Significant coefficients with 7 d.f.: 0.67 at 5 percent; 0.80 at 1 percent.
2 This character was scored on an arbitrary 1 to 5 integer scale.
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neeessartly high because flesh depth is here expressed as a percentage
of cavity diameter; hence, equivalent changes of real flesh depth and
cavity dinmeter would yield a zero coefficient. The high coeflicients
suggest that selection for each of the three characters may have en-
hunced the other two.

The lower correlations of those three characters with others suggest
that gains in flesh depth occurred mostly in larger, heavier fraits
without compurable hmprovement in other characters. This trend
could be reduced by adjusting relative weights of the index com-
ponents, For example, the selection vilues of weight and size could be
reduced in the index. This would place grenter selection pressure on
the remaining characters, Similarly, extra value could be plrced on
thick-fleshed fruits with fiem flesh, dey cavities, and high soluble solids
to nerense selection pressure for those associntions.

The failure of soluble golids and cavity dryness to respond to index
selection was indieated Dy the study of population means (7) and by
their Taclk of correlation with generations revorted herein, This was
supported further by genernliy low coefficients for correlation with
means for other characters (table 1, lues 15 and 16). The data indi-
cated that adjustment of testing procedure, sampling proesdure, or
index values will be required to make the index cffective for soluble
solids and cavity dryness.

1.0 _.£BLOSSOM SCAR
ACCEPTADLE INDEX
NET THREAD SIZE
/ CRACK AESISTANCE
.« TOTAL SCORE INGEX
" FL.ESH DEPTH
T2gTEm sCAR
%wemur
\ruzsa COLOR
APPEARANCE
—x SIZE

—-s FIRMMESS, SHAPE
——Ff SUTURELESS

—= HET THREAD COVER

e} -S SQLUBLE  SOLIDS

i
!
i
i
_r

- —j - 3CAVITY DRYHESS

Fioune 1.—Regression of fruit charneiers on geverntions in muskmelon Cddd-
{"-3-3M1 to C43+0—3->MD grown af Brawley, Calif, during the fall of 18G4, Data
converted to standard varinbles x° (generations) and ¥’ {characters) with
zero means and unit varizncee., Cov-b'-r. From Steel nnd Torrie (I8, p. 184).
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Charaneters that yielded nearly sigmifiennt correlations with genera-
tions did yield signifieant voefficients in correlations with several other
charncters, including the selection indexes (table 1, above the dingo-
nal). The results give credence to the view that those characters did
1'esll}ond to mass selection by index despite nonsignificant correlations
with generations.

The correlation coetficients amonyg generation means of 10 characters
in populutions grown at Charleston confirmed the findings at Bra wley
with few exceptions, Stem scar size, significantly correlated with gen-
erations nnd Llossnm sear size at Brawley (»=0.81*"% and 0.82%%),
was nob so vorrelated at Charleston (»=0.056 and 0.147). Blossom
sear size was signifieantly improved at both locations. The data sug-
west n high inferaction of genes for stem sear size with environmental
Tactors at the two Incntions. The predominance of similar correlation
cocficients at the two locations sugwests that most of the genetic ron-
trols in muskmelon may be fairly stable.

Correlution coefficients for mean vitamin ¢ content of populations
1 to 9 grown at Charleston indicated that it was not affected by selec-
tion. It was highly correlated with stem sear size (»=0.86) and soluble
solids (»=0.7T1} gut not with six other characters {the two indexes,
flesh depth, blossom scar size, fruit weight, and net thread cover). No
significant correlations were found among eight index-component
character means i the inbred populations grown at Charleston.

The coeflicients of correlation umong populition means in inbred
populations 10 to 18 grown at Bruwley {(table 1, below dingonal)
often diffeved from those in mass-selected populations 1 to 9 (table 1,
above dingonul); they ditfered extremely in some character associn-
tions, For example, blossom scar size, which had high positive correln-
tions with several characters in mass-selected populations, had a single
significant correlation, that with stem sear. in mbreds. Extreme dif-
feronces occurred hetween mass and inbred populstions in the corve-
Jations of blossom senr size with net thread size {+0.92 and —0.46),
flesh color (+0.87 and —0.42), and flesh Rrmness {4+ 0.70 and —0.55).
Such differences in correlations of population means in the small num-
ber of populutions sampled support the data on coefticients of vari-
ability and indicate great genetic variability. The large shifts in cor-
relation coefficients indicate that character associations are not fixed
in the breeding lines. so that any combination of character expression
can be derived from them by approprinte breeding and selection pro-
cedures. The greater prevalence of nigh pasitive correlutions and the
nbsence of high negative correlations in the mass-selected populations
(in comparison with the inbred ones) support the view that mass
selection is more effective than strict inbreeding with selection to im-
prove several complex characters in early-generation populations.

A few characters yielded similar correlation coefficlents in both
mass-selected and inbred populations. For example, net thread size,
external appearance, and flesh color were highly correlated with one
another in both sorts of populations. Such agreement suggests (1)
pleiotropy ov very close linkage of genes affecting those characters

! Rignifiennt 0t the 1-percent level
a28-182 O0—ap——72
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or (2) comparatively large environmental effects associated with
vigor. If pleiotropy or linkage applies, then such favorable corre-
Intions should aid rather than hinder selection; but if large environ-
mental effects oceur, they would greatly reduce effectiveness of
selection.

The absence of negative correlations and the variability in each
character indicated that the plant material (Muskmelon C434-C-3)
is suitable for selection and that it is capable of yielding, from ap-
propriate breeding and selection procedures, & variety with improved
quality in all fruit characters.

The correlation between population mean values for fruit charac-
ters indicated overall improvement by mass selection in all character
associations except those of soluble solids and cavity dryness. Lower
and more variable coefficients for correlations among the same char-

Tasre 2.—Phenotypic correlation cogfficients between fruit characters
ond within mass-selected poprlation C484—C—

Character

Diameter

Size (erate)
Stem sear size ?
Cavity size ?
Cnvity dryness $
Appearance ?
Net thread cover

Weight

Digmeter. ________
Size (erate)

Stem ascar size 2.
Cuvity size ?
Covity drypess.___
Appearance

Met thread cover._
Net thread size.___
Suturcless

Flesh eolor.__.____
Seluble aolids

Flesh irmness__ . __
Crack resistance___
Blossom gear size 2_

Favorable pumber_ 11 10 4 5 14
Unfavorable num- ]
bero ... 9 3 7 9 i 1

! Significant coefficienta for M1 (289 fruits), r=0.117 at 5 percent, 0.153 at
1 percent; for M9 (244 fruits), 0.128 at 5 percent, 0.167 at 1 percent.

? 8mall measures were desired in this “negative’ character.

® This character was scored on an arbitrary I to 5 integer geale.
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acters in inbred population means indicated, from the small number
of populntions, that strict mbreeding is a less effective breeding pro-
cedure than mass selection for early-generation hybrids.

Correlation Within Populations

The correlation coeflicients in the base population C434-C-3-M1
incicated very close associations between obviously related characters
such us that of fruit weight with diameter (»=+0.93). Most other
correlations were considerably Jower, but a surprisingly large number
(75 of 186 different coeflicients, each counte twice in table totals
=55 percent) were significant {table 2, above diagonal}. Forty per-
cent, of the correlations were significantly favorable and 15 percent
were significantly unfavorable; the others were nonsignificant.

within muskmelon base population (C434—C-8-M1, above diagonal;
8_MY, below diagonal, Brawley, Calif., 1964 !

Crack resistance ?
Blossom scar size *

Not thread size 3
Sutureless ?
Flesh depth
Soluble solids
YFlesh firmness 2
Shape *
Favorable
Unfavorable

|
|
|

o
S
-Y
[~
3]
=

l i T S A £ R RS I DO DI LD D GO BRI B 12

b

|

¥ 40 percent.
512 pereent.,
% 55 pereent.
T 18 pereent.
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The extremely Iarge correlation coefficients, approaching unity, be-
tween weight, diameter, and estimated size suggest that they are dupli-
cate characters. They furnish three estimafes of fruit mass. In
agreement with this interpretation, they exhibited similar correla-
tions with other variables {table 2, above diagonal} and provided a
reference point from which the remaining data mav be evaluated.

Many of the lavpe, favorable correlutions occurred betfween obvi-
ously dependent and their independent, control characters such as those
of external appenrance with net thread.size and net thread cover
{r==+0.51 and +0.59, respectively). Other favorable correlations
oceurred between characters dependent upon a third, often unmeas-
ured, character. For exnimple, muskmelon fruits Tocated in favorable
positions on a plant, or on more vigorous plants, often have hoth better
external apnearance and better internal characters. The comparatively
low but still highly signifieant correlations of external appearance with
flesh color and soluble solids (4022 and +0.23, respectively) seem
most likely to be of this type, Such environment-induced correlations
hinder progress in seleetion, beecnuse they favor high index scores of
favorably tocated froits,

The Targe unfavorable corvelations could he attributed to interde-
pendence of “negative” characters (smailer actual values desired)
with “pasitive™ characters {lareer actual velues desived}. For ex-
amnle, stem sear size and cavity size (both negative} were highly and
unfavorably correluted with fruit weight and diameter {both positive),
r=—0.62 and —0.58: —0.01 and —0.70, respectively. The “negative”
characters stem sear size and eavity size accounted for 84 of the 492
listed {17 of 21 actual) untavorable correlations. Curiously, the third
“negative” character, Dlossom sear size, was unfavorably correlated
with only one other chiaracter, soluble snlids (7= —0.19}. Such corre-
tations hindered the production of fruits with favorable combinations,
and several in concert tended to hinder the selection by index of large
fruibs with small stem seavs and small cavities.

(434-C-3-M9 was an Fy, population derived from the (434-C—3-M1
{I.) geveration by eight generations of mass selection. Plant char-
acters including disease resistanes were ignored in selection; all selec-
fion pressure was exerted for desirable fruit characters, Fifty percent
selection pressure was exerted weainst “shicker.” sunburned, split, vunt,
and badly malformed fraits in the field. Selection pressure af 20
percent was exerfed on the rvetained sample of 300 fraifts by froit
character index. Manvy (68 percent) of the correlations between froit
characters in MO {table 2, below diagonal) were imnroved over those
in M1 (table 2, above dingonal}, several of them (29 pevcent) signifi-
antly so {table 3}, Most of the correlations were so improved that
i3 pereent achieved favorable significance in M9 compared with 40
percent 1 M1,

All correlation coefiicients of appearance, except those with blossom
sear size and crack resistance, were improved by index selection ; eight
of them were significantly improved. Most of the other characters
responded to lesser degree hut in a similar fashion, The prevalence of
positive siens in table 3, denoting improved correlation relationships,
earries weight in addition te that of the signifieant changes., They
Turaish potent evidence in support of the conclusions derived from the
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study of population meuns: Most of the component characters were
simultaneously improved by index selection, and the improvement was

associated with genetic changes resulting in improved complexes of
genes controlling the several characters. Such genstic changes during
mass selection would greatly improve the chances of success in obtain-
ing plants superior in all fruit characters.

ossorn soav size and crack resistance failed to follow the general
trend and performed in an obtuse manner in their relationships with
other characters. Ten of the 18 correlations of blossom scar slze wers
changed unfavorsbly but only two of the changes were significantly
large (table 3). Three of the six favorable changes, those with stem
scar size, crack resistance, and cavity size, were significantly large.
Hence, the favorable and unfavorable shifts in correlations of EJOSSOm
scar size were nearly balanced. ‘The failure to obtain prevalence of fav-
orable changes could have resulted from inclusion of blossom scur slze
inthe index 1n only a part of the selected generations.

Unfavorable changes occurred in 10 of the 10 correlutions of crack
resistance and seven of them were large enough to be significant (table
3, column 15 and line 15). Three of the four favorable changes were
significantly large. The prevalence of unfavorable changes may have
resulted from the practice of discarding eull fruits in the fields during
selection. Elimination of severely cracked fruits without regard to
their other charscters could huve caused the observed unfavorable
shifts in early generations; but these should be reversed with continued
selection pressure in populations relatively free from such defects.

Eleven of the 16 correlations of cavity size were improved but onl
three of them significantly so. The strong negative correlations with
size, dryness, and soluble solids have been noticed in other cantaloup
breeding lines; they may be nongenetic, Tf that is true, they may limit
the degree of expression that can be achieved simultaneously.

This is not a serious problem because extreme expression of most
characters is not desired 1n a commercial cantaloup. For exarmple, con-
sumers prefer cantaloup sizes 36 and 27, which weight 2.5 to 3.5 peunds.
On western markets size 18 and larger cantaloups, weighing 5 or more

ounds, are sold as stock feed rather than for human conswmnption.
Similarly, the crop is grown from seed so that the acceptable limit of
small cavity size Is influenced by the re uirement for seed space. Ac-
cordingly, a cavity diameter equal to about one-fourth of the fruit
diameter is preferred over one that occupies either more or less space.

The corrclation data from 434-C-3-Mland (434-(C-3-M$ support
and extend the data reported earlier. Data on means, coefficients of
variability, and correlation with generations demonstrated that the
nstural breeding structure of cantaloup populations makes them re-
sponsive to selection pressure exerted on several characters simulta-
neously. The_ correlation data within populations indicate that the
improvement, was associnted generally with improved correlation rela-
tions, and they strongly suggest that favorable crossovers that plant
hreeders seek have indeed occurred.

Correlations for each character with other characters and indexes
within each of the 18 muskmelon populations were compared for uni-
formity of behavior and response to selection. The within-population
correlation coefficients of any one character with the remaining char-
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TaBLE 3.—Favorable (5-) end wnfavorable (—) changes in 2 values !
and C484—C-8-M3 harvested at

Charactor

Net thrend size 3

Cavity dryness?
Net thread cover

Diameter
Size (crate)
Stemn scar size
Cavity size
Appearance 3

Weight_________[+0. 11]—0. 04]*- 0. 19(4-0. 08|—0, 02/*+ 0. 22|4-0. 14[* 0. 32|
Dinmeter_ .. ___.|..._._ +. 068 .15 4. 18 —. 06 . 14f .
Size (erate) .| oo __ ¥ 17 .14 —. 08| +.09 4,03
Stem searaize. || ___|-____. ¥, 28% 1 190 ¥ 17 4.
Cnvitysize.____ | _____ | _____| ______|..__.. 4+.07) 4. 07>+
Caviby dryness__|____._| . __f_ | L_______._. +. 06| —.
Appearance . __ |- oo oo Lo e *+. 39
Net thread cover | _____j_____.

Net thread size _f_____ _j______|l._____..
Subureless__. . __ ..o f____ |l ___
Flesh depth. - L _ oo b e
Flesh color_ oo |t oo oo
Soluble solids. - ._|. . __[.o . _d._____.
Flesh firmness ___|______|______
Crack resistanee_ [ _____\ ____ | _|...___
Blogzom sear size_|__ . __|______
Shape_ |- | _

!z values ealeulzted by methods indieated in Steel and Torrie (18).
2 * gignificant change, 0.174.

acters were surprisingly uniform in the 18 muskmelon populations.
The uniformity suggested that environmental variation and the result-
ing environmental corrvelations were far greater in magnitude than
genetic variation and correlation in the nine mass-selected populations
und their nine derived inbreds. It follows that significant improve-
ment through mass selection by index depends upon separation of
genetic effects from the overriding environmental effects on variation.

Hopefully, such studies will eventually be made to speed progress in
vegetable breeding with its multiple-character index requirement. At
present it seems desirable to explore slternatives that can be more
readily tested and discarded or put to immediate use. Partial correla-
tions were studied to determine their potential merits.
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gor correlations amony fruit characters of muskmelon C434—C-8-M1
rawley, Calif., during jall 1964 *

Signifieant
changes

Butureless *

Flesh depth
Flesh color ?
Soluble solids
Flesh firmness 3
Crack resistance
Blossom sear gize

-+

L]

11
13
10
11
11
10
14
13
13
13
10
11
11
13

4
6
Lt

184
68

¥

=

g
|

=

4 b L
B AR

*

ARt b s

— =
SO DR URW W ETTT W N

| e bt e Il OO LIRS O

— b3
o ] e b = (D LD bt B ) e et ek et b BT DO 20

o
f=—a ]

3 This charncter was scored on an arbitrary 1 to 5 integer scale.
+ Obtained by dividing the number of chunges by 272 (136 values in table X2).

Partial Correlations

The relation between two fruit characters can be partly freed from
effects of environmental covariance and of genetic linkage with other
characters by the device of partial correlation. The residual partial
correlations should more accurately estimate the fundamental pheno-
typic association between the two characters. Accordingly, partial
correlations were caleulated for 10 selected characters in the 18 musk-
melon pepulations. The nuwmber of characters was limited to 10 by the
capacity of the computer program. The effects of variation in the eight
other characters were eliminated in each partinl correlation between
any two characters.
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Most correlutions in the base population C434-("-8-M1 were greatly
reduced by the partinl-correlation technique {table 4, nbove dingonal,
comipare with table 2). The resnlting partinl correlntions were mostly
small and not signifieantly different from zero.

Most partial correlations in M9 did not differ significantly from
those in M1 (table 4). Significant improvement occurred in six partial
correlations: stem sear size with both blossom sear size and sutureless,
net thread size with both eavity size and fruit diameter, and thread
percentage with both weight and sutureless. One partial correlation,
that of stem sear size with cavity size, deteriorated,

A slight excess (62 percent) of the partial correlntions in M9 were
mproved over those in M1, 18 percent of them signi ficantly so {tuble
+). This may seem to indicate little improvement in corvelutions among
rhe various -Laracters. However, it is rather impressive if one considers
tha very low selection differentinl applied to each charncter through
the muitiple-character index; and, further, that the shifts in penetic
correlations may very well be greater than the shifts in phenotypie
correlation reported here.

Most of the rvesulting partial correlation coefficients in M9 were
significantly favorable or nonsignificant {table 4, below diagonal). The
orly significant negative correlation was that befween cavity size and
fruit dinmeter. That corvelation indicates that selection for small cavity
alone would reduce fruit diameter: it emphasizes the need to imelude
both characters in the selection index. The extreme favorable correla-
tion of weight with diameter and its significant favorable correlation
with cavity size suggest that weight would improve with selection for
those characters and need not be included in the index.

The smll partial correlation coefficients for other character pairs
mdicata that continued selection for one character did not interfere
with simultaneous selection for another. These are phenotypic correla-
tions; negative genetie correlations could be hidden by opposing en-
vironmental corvelations,

The extremely high total correlation between weight and dinmeter
i all populations was Tittle changed by removing efleets of variation
i the other eight characters {e.g., table 5. lines 1 and 2). This supports
the conclusion, reached from the study of total correintions, that fruit
weight and dinmeter are Targely duplicate characters measuring fruit
mass on different scales.

In contrast with the minute effects of ather characters on the weight-
diameter correlation, removal of eflects of other correlations on those
of weight with the other eight characters had large effects on the
residual partial vorrelations (table 3, lines 1 and 2}. The very high
tofal corvelation of stems sear size with weight was greatly reduced by
removal of effects of correlation with diameter and other eharacters.
{Similarly, it= very high total correlation with diameter was nuilified
by removal of effects of correlation with weight and ofler characters,)
Extreme effects of the partial-correlation technique included the shift
in the association between cavity size and frnit weight. Removal of
variation in other variables (characters) shifted that association from
=058 to rps.,e=-+0.204. Apparently, the removal of other
sources of correlation, especially that with fruit mass indicated by
diameter, uncovered a positive correlation between small cavity size
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TasLe 4.— Partial correlations, adjusted for nthers in the table, among 1 0 fruit characters in muskmelon base population
C1484—0-8-M1, above the diagonal; and derived population C434-C-3-M9, below the diagonal, Brawley, Calif., fail 1964

: Blossom | Net Cavity | Stem Di- Suture- Net Soluble | Cavity
Character sear thiread size scar Weight | améter | less? thread | solids |dryness !
size cover

. ) n. . . . Percent | Percent
Blossoin scar size . . , | , 0. X —0.036 {—0, 158
Net thread size X X . 2 . . . . 408 . 223
Cavity size . . . . L . —. 026 | —. 067
Stem scar size . 186 . N . . . ) . ~. 050
Weight . . . . . . . . 014
Diameter L . ] . 479 . . R . 1 . 035
Sutureless - . . 0C . . . . . ~—. (60
Net thread cover
Soluble solids . .
Cavity dryness 1. . 150 . 081

DNIqAEIdd dAOTVINVD

1 This character was scored on an abitrary 1 to 5 integer seale.
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TaBLE 5.—Partial correlations of fruit weight in mass-selected (M) ond inbred populations of muskmelon C434—C=3,

Brawley, Calif., fall 1964

Generation Stem Cavity Cavity Net Net Suture- Soluble | Blossom
Weight with__.__.______.] Diameter scar size dryness ! thread thread less ¢ solids sear
size cover size ! size
) Mm. Mmn. Mm. Percent Percent Mm.
M1 total correlation._____ 0. 93 —0. 62 —0. 56 0. 36 0. 30 0.10 —0. 05 0. 08 0.12
Partial correlation: )
My .. . 854 —. 206 . 204 —. 042 —. 077 —. 34 —.053 . 014 . 106
M4 . . 902 —. 104 . 219 . 042 . 029 —. 162 —. 157 —. 025 . 013
M7 oLl . 906 —. 039 . 165 . 001 —. 064 —. 087 191 . 028 . 075
MO oLl . 898 —. 074 . 275 —. 069 . 175% —. 022 —. 149 —. 109 . 188
M4, oLl . 902 —. 104 . 219 . 042 . 029 —. 162 —. 157 -, 025 . 013
13=134 Inbred..___._ . 883 —. 193 . 379 —..036 . 001 —. 019 —. 052 . 135 . 019
14==M4 Inbred______ . 865 —. 257 . 093 —. 052 . 176 —. 003 . 015 . 059 . 064
15=2M4 Inbred._.__.__ . 920 ~. 036 . 155 ~. 147 —. 014 —. 076 . 042 —. 005 —. 068
M7 . 906 —. 039 . 165 . 001 —. 064 —. 087 . 191 . 028 . 075
16=M7 Inbred__..... . 910 —. 024 . 332 —. 073 . 026 —. 041 —. 010 —. 059 . 108
17=M7 Inbred_._.__. .911 ~. 108 . 278 . 017 . 016 —. 083 —. 038 . 061 . 109
18=M7 Inbred_____. . 886 —. 192 . 221 . 054 —, 012 —. 038 . 130 . 077

. 048

! This character was scored on an arbitrary 1 to 5 integer seale.
*Significant at 5-percent level.

TEALTAOTYDY J0 "LdHd ‘S’ ‘€0%T NILZITAL TVOINHOHL 91
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and the residual weight components length and density. This could
well be expected because small cavities were usually filled with placenta
tissues and seeds, while lurge ones often included an aivspace.

“The reduction. by means of partial correlation, of correlntions among
most charucters associnted with fruit weight suggest that those re-
ntions resutted lnrgely from environment-induced covariation. In
other words, favorubie position of & plant in the field and favorable
pasition of n frait on the plant favored vigorous frait growth and
resulted in larger, henvier Truits with larger stem seurs, larger and
drier eavities, and more sbundant and larger nef threads. Correlations
of soluble sohids appeared to be only slightly affected by such factors;
those of sutureless and blossom sear size, not at ail.

Differences among the base population and various derived popu-
lnttons in partial correlntion Letween two characters may indieate
changes in genetic linkage. The required assumption is that environ-
mental correlntions within a single experiment are similar in the dif-
ferent populations. Matzinger, Mann, and Cockerham (12) found this
asswmption to be true for ghly heritable characters in tobacco. It may
be invalid for correlations bhetween characters with low heritabilities.

The partial corvelations of weight in selected genevations illustyate
the trends in mass-selected and inbred derivatives of a character that
exhibited good vorrelation with generations (»=(.78) (tubie 1) and
high fota) correlnfions with other chirncters in M1, Shifis in partial
covrelations of weight with other characters in M1, Md, M7, and M9
were smatl and erratic (table 5). There were improvements in only five
of the nine partial corvelations, and only that with net thread cover
differed significautly from the M1 pm'{*ial correlation, Similarly. most
of the partinl correlations of fruit diameter were essentially unchanged
in the four mass-gelected populations; only that between diameter ind
net threead size was significantly improved.

The partind correlutions of weiglt in inbreds were more varinble
than those in the mass populations {fable 5} ; they often ranged above
and below the purfial correlation in the parent mass-selected popula-
o, Sueh purtial correlations might be usetul in the selection of
parents in confrotled breeding work nfter several generations of 1nnss
selection,

Very high corvelution with generations (»=0.98) (table 1) sug-
gested high hevitability of blossem sear size: but its total correlation
with other cirneters was very Jow in M1 The partial correlations in
the nussselected generations indicated little improvement. Most of
the correlations in inbreds derived from M4 and MT wers low and
ranged above and helow those ot the purent mass populations,

ITigh hevitability of net thread size was suggested by its high cor-
relition with generations (»=0.86) (table 1). It showed small but
often significant correlations, hoth favorable and unfavorable, with
other charncters in M1 Curiously, the low positive fotal correlation
of net thread size with Truit weight was altered by removing effects
of vartation in other characters, so that the residual partial corvelation
in all populations was negative (table #). The generally low values
of all net thrend size corvelntions except that with net thread cover
(table 4} indicated that obstacles to breeding progress should be
mininal.
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The uniformly high positive correlation between net thrend size and
net thread cover in all populations suggested close linkage or pleiot-
ropy of some genes controlling the two characters. Pleiotropy or close
linkeges of genes controlling other character pairs was suggested by
uniform correlation in all populations of weight with diameter
{(Ppa-me i M1=0.854), weight with eavity size {0.204), diameter
and cavity size (—0.411), sutureless and net thread cover (0.801), and,
perhaps, soluble solids and cavity dryness (0.193) {table 4). It is
reasonable to believe that pleiotropy occars in al} those character pairs.
There were no unitormly high partial correlations n other character
pn-ir.ings. Thus, blossom scar size and stem scaie size showed little
indication of pleiotropy or close linkage with any other characters.

Soluble solids showed lictle correlation with other characters in M1
and responded Tittle or not at all to index selection in this experiment.
The partial correlations of soluble solids with other characters in suc-
cessive mass-selected generations showed little indiention of inprove-
ment. Such _results agree with the lack of response of soluble solids
to index selection.

In summary, the partial correlations indiented little increase in
velations between most fruit character pairs under mass selection, The
fow sxceptions could resuit from random variation; ie, a small
number of improved correlations would be expected by chance among
the number of character pairs used in this study. Identical high partia
corvelations in ali populations of certnin character pairs suggested
pleiotropy or very close linkage of genes controliing those characters,
Biological considerations indicute plausibility of pleiotropy as the
more Tikely explanation. '

The greater ranges of the partial correlation coefficients in inbreds
indicated high potential variation available for selection. The sporadic
oceurvence of improved positive correlations in inbreds suggested the
presence of individuals with improved linkage relations for most
character pairs in the later muss-selected generations. Appropriate
testing, selection, and breeding procedures should accelerate the ac-
cumulation of favorable linkages in the later generations, The rare
occurrence of several favorable finkages in the sume inbred population
suggest that the desired vesult may not be attainable by selfing inc.ivid-
uals in Mt or M7. However, a very few random individuals were
tested in selfed progenies. A larger number of selfed progenies from
selected individuals in Iate generation mass-selected pepulations would
uncoubtedly yield far better progenies than those reported. Additional
information will be requived to determine whether continued im prove-
menf can be achieved more efficiently by continued mass selection, by
fruib to row testing and selection, by selfing, or by some form of
controlled sib-crossing.

SUMMARY AND CONCLUSIONS

Stmple, phenotypic correlations among generation means for index-
component characters in mass-selected populations of muskmelon
C434—C—3 usoally were similar to their correlations with generation
number. The similarity sugpested that improved relations among the
characters paralleled their individual improvement from generation
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to generation. The correlation between mesns of different characters
supported the dida on improvement of means. Such support was
helpful in indicating real improvement of characters that had only
marginal levels of mean improvement.

The within-population correlations between characters and their
changes with selection are of interest because such correlations, in
the end products of selection, are those that will prevail in the result-
ing eommercinl product. Knowledge of high negative {unfavorable)
phenotypic correlations 1s espeaisﬁl valuable because such correla-
tions, 1f genetic in origin, hinder breeding progress by linknge. If
environmental in origin, they hinder progress by blurring genetic
segregations; and they persist in end products to prevent the produe-
tion of fruits excelient in wll characters. Thus, the breeder seeks to
improve high negative, within-population, phenotypic correlations
whether they are induced by either genetic or environmental factors.
In other words, the breeder hopeftﬁ!y seeks to select those genetic
factors that are stable and induce the same phenotype in a wide range
of environments, This provides the argument for selecting in u wide
rangs of environments in preference to selecting in a single environ-
ment or in closely similar ones,

High, simple phenotypic correlations between a few charncters
within base populntion C434—C—-3-M1 and in all of its derived popu-
lations were interpreted to indicate that either pleictropy or close
linkags of gensetic factors or prepotency of environmenta]l factors
controlled those relations. Character groups exhibiting high correla-
tions included : (1) the fruit mass chavacters—weight, size, and diam-
eter; and (2) the fruit appearance characters—appearance, net thread
cover, net thread size, ﬂ.ng suburaless.

The foregoing high correlations were exceptional. Low coefficients
for awithin-generation, plant-to-plant, simple phenotypic correlation

revailed among most character associations. The relrcions were clari-

ed and emphasized in partial correlations. Most of the partial cor-
relation coefticients were nonsignificant. Furthermore, very few of
them exhibited significant change after mess selection.

The failure to find n general trend of improved partial correlations
seems at variance with the data on improvement of means for the
individunl charactars, It suggests that improvement in character A.
was not associated with improvemnent in character B, If that is frue,
the linkages between genes for characters A and B have not been
changed appreciably by eight generations of mass selection, ana any
breeding progress is n result of increased frequency of nonlinked
alleles. 1t seems probable, then, that the plant material in C484-C—
3-M9 is still at the bottom of the overall improvement curve and that
several additional generations of selection would be required to yield
the vast number of linkage changes required to produce improved
partinl correlations between all characters. Further, the progress
toward homozygosis, resulting from a high percentage of selfing, may
prevent adequate improvement in all characters by mass selection in
naturally pollinated populations.

The low simple and partial correlation coeflicients for most character
pairs indicated that close linkages must have been lacking, batanced
favorable agninst unfavorable, or negnted by opposing environmental
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correlations. Data yield little support for one alternative over the
others. Matzinger and Mann (77) and Matzinger, Mann, and Cocker-
ham (72)demonstrated that nepative genetic corvelation and positive
environmental correlation could internct to produce little or 1o plieno-
typic corvelation between highly heritable characters in tobacco, Sim-
tlar information would clnrify the relations wmong muskmelon fruit
characters reported herein.

Lacking such information, the generally low phenotypic correlations
among fruit charncters in muskmelon mass-selected populations were
eneouraging. There was little indication in the phenotypic correlations,
with the possible exceptions of (1) soluble solids and cavity dryness,
which failed to respond to index selection and (2) ceptain persistent
unfavorable correlations between “positive™ and “negative” characters,
that strong, unfuvorable genetic Tinkages would hinder progress.

Finally, it should be clear that zero phenotypic correlatinng would
be satisfactory in the ultimate derived population, as long as each
character varied within the acceptable range of character expression.
The desired freedom from undesirable genetic correlations would be
achieved sooner in nass-selected populations than in controlled-mating
populations after the cessation of selection. The mass-selected popula-
fions would have attained a high level of aquilibrium under natural
reproduction for all loci unaffected by selection. In contrast, popula-
tons selected with artificial mating desipns would have achieved eqUi-
librium for the imposed mating design at many loci. They would be in
cisequilibrium for the natural mating design, which includes part self-
and purt cross-pollination. They would then scek new equilibrium
levels of genotypes at many loci after the cessation of artificial mating
and the initiation of natural mating for seed increase.

Freedom from undesirable environmental correlations would appesr
more likely to result from cyelical selection in a range of envivonments
than from continuous selection in a single environment. Thus, current.
information supports the use of mass selection in a evelie sequence of
different. environments for breeding programs designed to obtain vari-
efies with wide ranges of ndaptation.
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